1999), where they occur at concentrations of 10 9 -10 10 cells g )1 of faeces (Tannock 2001) . Moreover, as the dominant Bifidobacterium species are different in human and animal gut flora (Gavini et al. 1991) , it should be possible to determine the contamination source, i.e. whether of human or of animal origin. A culture-based method comprising enrichment and isolation steps (using mupirocin as selective agent during both steps) and a PCR-based method have been previously developed and successfully tested to detect bifidobacteria in raw milk and raw milk cheese samples taken at different stages of production (Delcenserie et al. 2005) . Both methods were used to assess bifidobacteria contamination levels of mutton and to compare them with those of E. coli. At the same time, total viable counts (TVC) were performed.
Materials and methods

Samples
Sampling procedure Between May and November 2003, 244 samples were collected from different stages of a mutton production and processing chain in Austria (slaughter, cutting and deboning, retail trade). The following sample types were studied: l A. Sheep faeces: after slaughter, nine intestines were placed in plastic bags and transferred on ice to the laboratory. Intestines were cut with sterile instruments and 10 g of faeces was placed in a sterile bag using a sterile spatula. l B. Slaughtering environment: 20 meat contact or hand contact surfaces such as knives, door handles and walls were sampled during processing. The samples were collected with swabs using a wet and dry double swab technique either from a marked surface area of 100 cm 2 or from the entire surface (where the surface was smaller than 100 cm 2 ). The sampling technique is described below (see C). l C. Freshly slaughtered sheep carcasses: four sample sites per carcass were monitored: flank, thorax lateral, brisket and breast, and also some other sites (such as the perineal region), likely to carry high levels of contamination. A total of 43 sites were sampled. An area of 100 cm 2 , delineated by a sterile teflon template, was sampled using a wet and dry double swab technique. Each 100 cm 2 was first swabbed with a 10 cm · 10 cm sterile swab moistened in sterile dilution fluid (0AE1% peptone, 0AE85% NaCl) and then with a dry sterile swab. Swabs were placed in sterile bags and stored refrigerated at 4°C and transported to the laboratory for microbiological examination.
l D. Cutting environment (meat contact and hand contact surfaces): during cutting and deboning, 80 environmental swabs were taken from knives, sawblades, cutting tables and containers for transport. The sampling technique was described above (see B). l E. Refrigerated sheep carcasses before cutting and deboning: 74 swabs of 100 cm 2 were taken from the same sample sites as described above (see C.). Sampling procedure and sample transport did not differ from the freshly slaughtered carcasses. l F. Retail meat samples: 18 samples of retail meat cuts were taken at retail stage; 20 g of tissue was cut with sterile scissors and placed into sterile bags.
Samples preparation
From faeces and retail meat samples, a 1 : 10 dilution was prepared in buffered peptone water (Oxoid, Basingstoke, UK). Swabs were rinsed in 100 ml buffered peptone water. All samples were homogenized for 60 s in a Stomacher 400 (Seward Medical, London, UK). Subsequently, decimal dilution rows with Drop-solution (DIN 10161-2 1984) were prepared. For faeces samples, the 10 0 to 10
dilutions were analysed, for environmental and carcass swabs the 10 0 to 10 )3 dilutions and for retail meat samples the 10 )1 to 10 )4 dilutions.
The samples were analysed for the presence of bifidobacteria, E. coli and TVC. Bifidobacteria were detected by PCR and by culture-based methods after enrichment of each dilution step. Escherichia coli and TVC were determined by culture-based methods.
The numbers of positive E. coli and bifidobacteria samples were compared. The comparison of their mean counts was performed on positive samples for both. Total viable bacteria researched as hygiene indicators were followed along the production chain in the total 244 samples.
Detection of bifidobacteria
Culture-based methods The method comprises enrichment, isolation and confirmation steps in a semi-quantitative manner. For enrichment, 1 ml of the respective dilution was transferred into sterile tubes, mixed and homogenized with 9 ml of enrichment medium.
The enrichment medium (BHMup; Delcenserie et al. 2005) was composed of 37 g l )1 of Brain Heart Infusion (BHI; Bio-Rad, Marnes-la-Coquette, France); 5 ml l (Scardovi 1986 ) to be bifidobacteria. Samples were considered bifidobacteria-positive when bifidobacteria levels were superior to 1 CFU g
)1 in case of faeces samples, 10 CFU g )1 in case of retail meat samples and 1 CFU cm )2 in case of swab samples.
PCR methods based on the hsp60 gene DNA was extracted from culture broths obtained after the enrichment step of the culture-based method (from 10 0 to 10 )6 dilutions depending on the sample type). This enables a semi-quantitative evaluation of the sample's Bifidobacterium content. One millilitre of each homogenized broth was transferred to a microcentrifuge tube and centrifuged at 12 000 g for 2 min. Pellets were transferred to sterile, demineralized water, and the DNA extracted using a Wizard Genomic DNA purification kit (Promega, Madison, WI, USA) with the addition of lysozyme (10 mg ml )1 ;
Eurogentec, Seraing, Belgium), as recommended for Gram-positive bacteria. DNA concentrations were spectrophotometrically estimated (GeneQuant pro; Amersham Pharmacia, Roosendaal, the Netherlands). DNA samples were diluted with distilled sterile water to obtain a concentration between 25 and 50 lg ml )1 .
Detection of the Bifidobacterium genus was performed using the PCR procedure described by Delcenserie et al. (2005) . The following primers were used: B11 up: 5¢-GTS CAY GAR GGY CTS AAG AA-3¢, B12 down: 5¢-CCR TCC TGG CCR ACC TTG T-3¢ (Sigma Genosys, Haverhill, UK), corresponding to a fragment of 217 bp of the hsp60 gene.
An internal DNA control was included in each reaction. The PCR mix was composed of 0AE2 mol l )1 dNTPs, 400 pmol l )1 of each primer, 1 U of FastStart TaqPolymerase (Roche, Mannheim, Germany), 1· buffer: 500 mmol l )1 Tris-HCl, 100 mmol l )1 KCl, 50 mmol l )1 (NH 4 ) 2 SO 4 , pH 8AE3 ⁄ 25°C (Roche), 4 ll DNA (50-100 ng), 1 ll internal control (1AE1 ng) and H 2 O in a total volume of 20 ll. The PCR was run using the following conditions: 5 min at 95°C, 40 cycles of 95°C for 30 s, 60°C for 30 s and 72°C for 30 s, followed by a final extension (5 min at 72°C). Amplified PCR products were then analysed by gel electrophoresis. After electrophoresis, gels were stained with ethidium bromide (1 mg ml )1 ) and photographed under UV (302 nm).
As described for the cultural-based method, samples were considered bifidobacteria-positive when at least one dilution was found positive and semi-quantitative results were analysed.
Identification of bifidobacteria
Phenotypic characterization and numerical analysis
The phenotypic numerical analysis included 74 strains isolated from different samples in different slaughtering stages and sample types, and type and reference strains, representative of human, animal and environmental species (Table 1) .
Strains were considered members of the genus Bifidobacterium or of the close genera Scardovia, Parascardovia and Aeriscardovia on the basis of their F6PPK activity (Scardovi 1986 ). Enzymatic and carbohydrates fermentation tests utilized the ID32A and 50CH kits of Biomérieux-department API (La Balme les Grottes, France). Tests for growth at 46°C within 48 h were carried out in Trypticase Phytone Yeast broth (Scardovi 1986) .
The levels of similarity between strains were calculated by using the Jaccard index. The aggregation method was the unweighted pair group method with averages (Sneath and Sokal 1973) .
DNA-DNA hybridization
Experiments were carried out on 13 strains selected from the numerical analysis, 12 of which were phenotypically close to Bif. choerinum and on one strain close to Bif. thermophilum, Bif. thermacidophilum ssp. thermacidophilum and Bif. thermacidophilum ssp. porcinum.
DNA was prepared with the simultaneous use of achromopeptidase (5000 U ⁄ 500 mg bacteria) and lysozyme (400 000 U ⁄ 500 mg bacteria) as lytic enzymes. DNA extraction was carried out according to Marmur's (1961) method.
Degree of DNA-DNA binding was determined quantitatively by spectrophotometry from renaturation rates in accordance with a modification of the method of De Ley et al. (1970) , using a Cary 100 spectrophotometer connected to a Peltier temperature controller (Varian, France). The temperature of renaturation was 25°C below the midpoint (T m ) according to the G + C content of type strains. DNA-DNA relatedness values were calculated after incubation for 21 and 24 min, following removal in calculation of the first 3 min of renaturation. Identification of a strain at species level was given when the DNA-DNA reassociation value between DNAs of the strain studied and of the species' type strain was equal to or more than 70%.
Escherichia coli and total viable counts
Escherichia coli were enumerated on Coli ID medium (BioMérieux, Marcy-l'É toile, France). One millilitre from each dilution (faeces: 10 0 to 10 )6 ; environmental and carcass swabs: 10 0 to 10 )3 ; retail meat: 10 )1 to 10 )4 ) was transferred into sterile Petri dishes, 15 ml of molten Coli ID agar was added and left to set on a cool horizontal surface after gentle mixing. When the agar had set, a second layer (approx. 5 ml) of molten Coli ID agar was added. Plates were incubated aerobically at 42°C for 24 h. Pink to violet colonies (diameter 0AE5-2 mm), based on bglucuronidase and b-galactosidase activity were considered presumptive for E. coli. Only agar plates with more than five colonies were considered as positive. Samples were considered E. coli-positive when E. coli levels were superior to 5 CFU g
)1 in case of faeces samples, 50 CFU g )1 in case of retail meat samples and 5 CFU cm )2 in case of swab samples.
Total viable bacteria were enumerated on Plate Count Agar (PCA; Oxoid) using the same method without overlayer as described for E. coli. Plates were incubated aerobically at 30°C for 72 h.
Statistical analysis
The McNemar test was used to statistically evaluate the different methods (culture-based and PCR methods) and to evaluate the effectiveness of bifidobacteria to replace E. coli, as faecal indicators. All dilutions were tested as separate values in order to compare culture-based and PCR methods.
Results
Detection of bifidobacteria by culture-based and PCR methods
The presence of bifidobacteria was investigated in 244 samples using both PCR and culture-based technique. They were detected in 43% (Table 2 ) of the total sample number. A significant difference was observed between both techniques in favour of PCR (P < 0AE0005 and P < 0AE005) with 37% and 15% of bifidobacteria-positive samples by PCR but bifidobacteria-negative by the cul- ture-based method for type C and for total samples, respectively (Table 2) . False-negative results by PCR (PCR negative ⁄ culture positive) were noticed in D, E and F samples (5%, 12% and 6%, respectively; Table 2 ).
Identification of bifidobacteria strains
Three species were predominant (Table 3) . Forty-three per cent of the strains studied were identified as Bif. pseudolongum, 41% as Bif. thermophilum and 15% as Bif. choerinum. One strain isolated from sample type F (retail meat) was close to Bif. thermophilum (52% of DNA-DNA relatedness with the type strain of the species), to Bif. thermacidophilum ssp. thermacidophilum, and to Bif. thermacidophilum ssp. porcinum (50% and 59% of DNA-DNA relatedness with respective type strains).
Comparison of the contamination levels of bifidobacteria, E. coli and total viable counts
Regarding the total number of 244 samples, similar numbers of bifidobacteria positive (using PCR method) and E. coli-positive samples (37% and 32%; Table 4) were detected. This is also valid for sample types B (15% and 15%) and D (14% and 21%).
However, in faeces (type A) and retail meat cuts (type F), numbers of E. coli-positive samples (89% and 33%) were higher than those of bifidobacteria positive (33% and 28%), although the differences were not significant because of the low numbers of positive samples. The opposite was observed on freshly slaughtered carcasses (type C, 79% bifidobacteria-positive, 53% E. coli-positive) and on chilled carcasses (type E, 47% bifidobacteria-positive, 28% E. coli-positive), with high numbers of bifidobacteria-positive ⁄ E. coli-negative samples (30% and 28%). àSignificant difference in favour of PCR, P < 0AE0005 §Significant difference in favour of PCR, P < 0AE005. (41) 11 (15) 1 (1) A, faeces; B, slaughtering environment swabs; C, freshly slaughtered carcasses swabs; D, cutting and deboning environment swabs; E, chilled carcasses swabs before cutting; F, retail meat.
These differences were significant in favour of bifidobacteria (type C, P < 0AE005; type E, P < 0AE01).
Bifidobacteria and E. coli mean counts were compared based on the 48 bifidobacteria-positive ⁄ E. coli-positive samples (Tables 5 and 6 ). Bifidobacteria counts were always higher using the PCR method than the culturebased method, except in type A samples (PCR, 3AE50 log CFU g
)1 ; culture-based method, 6AE0 log CFU g )1 ) and in type F samples (PCR, 1AE00 log CFU g )1 , culture-based method, 2AE00 log CFU g )1 ). For type A samples, E. coli count was much higher than the two bifidobacteria counts (7AE44 log CFU g )1 of E. coli in the two E. coli-positive ⁄ bifidobacteria-positive samples, 5AE40 log CFU g )1 in the six other E. coli-positive ⁄ bifidobacteria-negative samples).
In the other sample types, E. coli counts, comprised between 1AE08 and 1AE98 log CFU cm )2 , were close to those of bifidobacteria (between 1AE0 and 1AE95 log CFU cm )2 ).
Mean counts of total viable bacteria (Table 6) were calculated on the 244 samples and were between 3AE87 (type E) and 5AE63 log CFU g )1 (type A).
Discussion
Detection and identification of bifidobacteria by culture-based and PCR methods
Based on all samples, the PCR method was shown statistically more sensitive than the culture-based method, which additionally was more time-consuming. The significant differences in favour of PCR, expressed by the high number of PCR+ ⁄ culture-samples, on type C and total samples (Table 2) can be explained by competition between bifidobacteria and other micro-organisms such as clostridia not inhibited by mupirocin in the culture medium. The absence of significant differences between both methods for types B, D and F samples could probably be explained by the low numbers of positive samples. A larger number of bifidobacteria positive faeces samples (type A) were expected. Using the same culture-based method, Gavini et al. (2006) A, faeces; B, slaughtering environment swabs; C, freshly slaughtered carcasses swabs; D, cutting and deboning environment swabs; E, chilled carcasses swabs before cutting; F, retail meat. Bif.
detected bifidobacteria, in
, using PCR. E. coli +, if in faeces (type A) >5 CFU g )1 , in meat (type
. *Significant difference in favour of bifidobacteria, P < 0AE005.
Significant difference in favour of bifidobacteria, P < 0AE01. 
A, faeces; B, slaughtering environment swabs; C, freshly slaughtered carcasses swabs; D, cutting and deboning environment swabs; E, chilled carcasses swabs before cutting; F, retail meat. seven of nine sheep faeces samples from animals on farm, with mean counts in bifidobacteria-positive samples of 4AE29 log CFU g )1 . In this study, only three of nine samples were positive using the culture-based method, with slightly higher mean counts of 6AE0 log CFU g )1 . The low number of positive samples obtained with the culturebased method was not explained. Using PCR, negative results were at first related to matrix faeces being known to contain inhibitors (Radstrom et al. 2004; Thornton and Passen 2004) . However, a 10-fold dilution of the DNA extract, with inhibition checking by internal control, enabled this phenomenon to be minimized. Another hypothesis for these low results could be the bad survival of bifidobacteria in faeces as sheep produce pelleted faeces which may dry rapidly after deposition (Wehausen et al. 2004) . PCR and culture-based methods, both, need improvement for faeces samples. In contrast to faeces, high numbers of positive samples were detected on carcass surfaces (types C, slaughtered carcasses and E, refrigerated carcasses before cutting and deboning) in, respectively, 79% and 59% (Table 2 ) of the samples. This high contamination rate separated carcasses from low contaminated environmental samples (types B and D). Retail meat (type F) took an intermediate position between both. Obviously, faecal contamination occurred mainly in the slaughter phase with subsequent reduction due to spreading of the microbes to new surfaces and due to bacterial death.
The species identified in faeces samples (type A) were Bif. pseudolongum and Bif. thermophilum. These two species were also shown as the most frequent species isolated from different animal faeces on farm and along beef and pork processing chains (Gavini et al. 2006) . They were also recovered at the other different slaughtering stages, in types C, D, E and F samples, confirming faecal origin of the contamination along the sheep processing chain.
The presence of Bif. choerinum is somewhat surprising. This species was described by Scardovi et al. (1979) based on strains isolated from swine faeces. It was also isolated in pork faeces and on a chilled swine carcass by Gavini et al. (2006) . A possible explanation for its presence in sample types C, D, E and F could be a cross-contamination with pig faeces during transport, lairage and ⁄ or slaughter due to improper cleaning measures as pigs were slaughtered at the same abattoir. The presence of one unidentified strain close to Bif. thermophilum and Bif. thermacidophilum suggested that strains from animal origin are still badly known and need further taxonomic studies.
The PCR method has been validated in a previous study (Delcenserie et al. 2005) on 127 pure bifidobacteria strains belonging to 14 different Bifidobacterium species. However, only one strain belonging to the species Bif. choerinum was tested. Therefore, it could explain the presence of some false negative by PCR in samples types D, E and F if some Bif. choerinum strains present in these samples were genetically different in the primers area. The results of identification using culture-based and DNA-DNA hybridization methods show that this species should be researched in meat samples with the two predominant species Bif. pseudolongum and Bif. thermophilum.
Contamination levels of bifidobacteria, E. coli and total viable bacteria along the mutton production chain It was not surprising to find high levels of E. coli and TVC in faeces samples, with mean counts of 7AE44 CFU g
)1 for E. coli in the two E. coli-positive ⁄ bifidobacteria-positive samples (Table 5 ) and 5AE63 log CFU g
)1
for TVC (Table 6 ). Moreover, six of the nine samples studied, which were E. coli-positive ⁄ bifidobacteria-negative (Table 4) , present a mean count a little lower, equal to 5AE40 CFU g )1 . The lower level of bifidobacteria in bifidobacteria-positive faeces samples (3AE50 using PCR and 6AE0 log CFU g )1 using culture-based method), such as the low number of positive samples compared with the 89% of E. coli-positive samples, was not explained using the culture-based method. Problem of inhibition could be put forward using PCR. Further faeces analyses should be carried out to revise and understand these results.
The mean E. coli counts (1AE57 log CFU cm )2 ) and TVC (4AE47 log CFU cm )2 ) of freshly slaughtered carcasses (sample type C; Tables 5 and 6 ), were in agreement with those observed in other studies on microbial quality of sheep carcasses. According to Biss and Hathaway (1996) , E. coli counts ranged from 0AE39 to 2AE11 log CFU cm )2
and TVC from 3AE45 to 5AE36 CFU cm )2 . Zweifel and Stephan (2003) detected TVC of 2AE5-3AE8 log CFU cm )2 .
Lower counts were determined by Sumner et al. (2003) : E. coli, 0AE27 log CFU cm )2 and TVC, 2AE59 log CFU cm )2 .
Environmental samples during slaughter (type B) gave TVC values below 4AE0 log CFU cm )2 , which is a rather low contamination level during processing (Table 6 ). This is not surprising as many sampling sites had only irregular meat contact (walls, doorhandles). On the other hand, the high standard deviation reflects a large variation in surface cell numbers. Equally, environmental samples during cutting and deboning showed a high contamination variability, but on a rather high level. A mean TVC of 4AE97 log CFU cm )2 (Table 6, type D) was observed. This is surprisingly high, as the raw material (chilled sheep carcasses, type E) showed cell numbers, which were 1AE1 log steps lower. Upmann et al. (2000) proposed equilibrium between surface cell counts of raw materials and meat contact surfaces during cutting. Therefore, ineffective cleaning and disinfection measures may account for the increased TVC before sheep cutting began. Regarding total samples, bifidobacteria were not shown to be more sensitive as faecal indicators than E. coli as their mean counts were similar. However, in carcass meats (types C and E) 30% of the freshly slaughtered and 28% of the chilled carcasses were bifidobacteria-positive ⁄ E. colinegative. Detection of bifidobacteria as faecal indicators was more efficient than E. coli for these samples.
Therefore, based on present knowledge of the Bifidobacterium species in faecal material from animals, semiquantitative detection and identification of bifidobacteria as faecal indicators in correlation with E. coli counting should improve hygiene quality along meat processing chain.
